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ABSTRACT 

We present evidence for a broad, ionized Fe Ka line in the XMM-Newton spectrum of the broad-line radio 
galaxy (BLRG) 4C+74.26. This is the first indication that the innermost regions of the accretion flow in BLRGs 
contain thin, radiatively efficient disks. Analysis of the 35 ks XMM-Newton observation finds a broad line with 
an inner radius close to the innermost stable circular orbit for a maximally spinning black hole. The outer 
radius of the relativistic line is also found to be within 10 gravitational radii. The Fe Ka line profile gives an 
inclination angle of ~ 40°, consistent with the radio limit. There are two narrow components to the Fe Ka 
complex: one at 6.4 keV from neutral Fe, and one at 6.2 keV. These may form the blue and red horns of 
a diskline from farther out on the disk, but a longer observation is required to confirm this hypothesis. We 
discuss the implications of this observation for models of jet production, and suggest that BLRGs and radio- 
loud quasars will have larger than average black hole masses, thus resulting in thicker accretion flows close to 
the black hole. 

Subject headings: accretion, accretion disks — galaxies: active — galaxies: individual (4C+74.26) — galaxies: 
jets — X-rays: galaxies 
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1. INTRODUCTION 

A long-standing problem in modern astrophysics is to un- 
derstand the production of large-scale, relativistic jets. In 
terms of the active galactic nuclei (AGN) phenomenon, this 
problem has traditionally manifested itself as understand- 
ing the underlying physical difference between the majority 
radio-quiet populatio n and the minority radio-loud sources 
(e.g. iKellerman et alJll989t IWilson & Colbertlll995l) . A po- 
tentially promising way to elucidate this difference is to 
compare X-ray observations of the two populations, since 
the X-rays originate from the i nner regions of the accre- 
tion flow, as do relativist i c jets ( plandford & Znaiekl 119771 
iBlandford & Pavnelll982t lKoideN2004l) . Studies of broad- 
line radio galaxies (BLRGs) with ASCA, RXTE and Bep- 
poSAX seemed to indicate that they had weaker reflection fea- 
tures an d Fe Ka lines then their radio -quiet Sey fert 1 coun- 
terparts (lEracleaous & Halpernl 119981 IWozniak et all 119981 
lEracleousT S ambruna & Mushotzkv 200(J. This could be ex- 
plained if BLRGs contain a truncated accretion flow, where 
the geometrically thin, radiatively efficient accretion disk 
transforms close to the black hole into an thicker, tenuous 
and radiatively inefficient configuration such as an ADAF 
(e.g., [Naravan & Yi 1995). This idea has some theoretical 
justification as models of jet production have emphasized the 
importance and connecti on of the po lodial magn etic field to 
the inner accretion flow (lM eierll999tlLivio. Qgilve & Pringld 
119991 iMeierl 120011 iLivio. Pringle & King! 120031) . Further^ 
more, Galactic black holes show radio emission (and, when 
resolved, jet structure) only in the low-luminosity 'hard' or 
'pow er-law dominated' state (e.g., iFender. Belloni & Gallol 
2004) where the accretion rate is expected to be very low com- 
pared to the Eddington rate. 

An alternative explanation for the weak reflection 
features observed in BLRGs was put forward by 
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Ballantvne. Ross & Fabian (2002), who suggested an 
origin in an ionized non-truncated accretion disk. This 
might be expected if the accretion rate was a much larger 
fraction of Eddington. More sensitive observations of 
BLRGs by XMM-Newton were expected to discriminate 
between the two explanations, but, unti l now, the res ults have 
been inconclusive (NGC 625 1 iGliozzi et alJl2004t 3C 120 

I Ballantvne. Fabian & Iwasawal 120041 3C 111. iLewis et al.l 
2005). In this Letter, we present the first evidence, in the 
form of a broad Fe Ka line, for an untruncated accretion disk 
in a luminous BLRG. The line is broad enough to require 
emission within the innermost stable circular orbit (ISCO) 
of a Schwarzschild black hole, and, along with the reflection 
continuum, is well fit by a moderately ionized reflector. Thus, 
this observation may provide important constraints on the 
geometry of the inner accretion flow in jet producing systems. 

In the next section, we provide a brief introduction to the 
BLRG 4C+74.26, and then describe the XMM-Newton ob- 
servation and data reduction in § [3] The spectral analysis is 
presented in §0] and then we discuss the implications of the 
results in the final section. Throughout this paper, a WMAP 
cosmology (ffn = 70 km s" 1 Mpc" 1 , A = 0.73, tt = 1; 
ISpergel etalT2 003) is assumed. 

2. THE BROAD-LINE RADIO GALAXY 4C+74.26 

4C+74.26 (z = 0.104; iRilev et alJ \l9S§> is a low lu- 
minosity radio-lou d quasar notable for its 10' radio lobes 
iRilev et aLHl2S^ )- A one-side d jet has been detected by 
the VLA jRiley & Warrierlll990l) and at pc scales by VLBI 
iPearson eUjljll992l) . The lack of a count er jet gives a 
limit to the inclination angle of i < 49° (Pea rson et alJ 
1992). The total radio luminosity of the source places it 
on the border between the FRI/II classes, although t he ob - 
served structure is similar to a FRII source jRilev et alJl988l) . 
Woo & Urrv ( 2002a) quote a bolometric luminosity of iboi ~ 
2 x 10 46 ergs s _1 . Optical spectra of 4C +74.26 show very 
broad permitted lines, with ICorbinl (119971) measuring a H/3 
FWHM of 11,000 km s~\ although other autho rs give val- 
ues closer to 8000 km s" 1 (jRilev et alJl9 88: Brinkman n et alJ 
H998t iRobiiison et al.lfl999l) . Using the ICorbinl (11997^ value 
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of the F WHM and the iKaspi et alJ ( 120001) radius-luminosity 
relation, Woo & Urrv (2002a) estimate the black hole mass in 
4C+74.26 to be ~ 4 x 10 9 M . 

A 23 ks ASCA observation of 4C+74.26 yi elded inconclu- 
sive re sults despite three separate an alyses. IBrinkman n et alJ 

( 1998) and [Reeves & Turn er] (|2QQ 0|) unc o vered a Fe Ken line 
at the 97% level, but ISambruna et alJ (119991) claimed the 
line was significant at > 99%. The data could not deter- 
mine if the line was broadened. The spectrum show ed evi- 
dence for hardening at high energies, which Sa mbruna et al.l 

( 1999) fit by a separate power-law component, attributed 
to jet emission. When the data was fit by reflection 
models, reflection fractions much gr eater than unity were 
found (R ~ 6. IBrinkmann et all [l998; or R ~ 3, 
iReeves & Turner! 120001) . An unresolved fine was clearly 
detected in the 100 ks B eppoSAX observ ation reported by 
lHasenkopf. Sambruna & Eracleousl ( 120021) . The broadband 
fits indicated a Compton reflection component at the 98.7% 
level with R ~ 1. This fact, along with the flat light curve 
at high energies, shows that the X-rays are not significantly 
contaminated by jet emission. 

3. OBSERVATIONS AND DATA REDUCTION 

XMM-Newton dJansen etal.12 001) observed 4C+74.26 dur- 
ing revolution 762 between 2004 February 6 13:57:42 and 
2004 February 6 23:22:54. The European Pho ton Imaging 
Camera (EPI C), comprising of tw o MOS dTurner et alJ2001l) 
and one pn (Strude r ;t al.M200H) detectors, was operated in 
large window mode with the medium optical filter in place. 
Calibrated event lists were extracted from the observation data 
files using the standard processing chains (EPCHAIN and EM- 
CHAIN) provided by the XMM-Newton Science Analysis Sys- 
tem (SAS) v.6.1. A circular region with radius 115" (as sug- 
gested by the SAS 'extraction optimizer') was employed to 
extract a pn spectrum of 4C+74.26 that included both single 
and double events. The background spectrum was extracted 
from a source free area on the same CCD using a circular re- 
gion with a radius of 60". Contamination from a background 
flare ~ 22 ks into the observation was removed with the use of 
a good-time interval file. The SAS task EPATPLOT confirmed 
that the pn spectrum was free from pileup, but found evidence 
for it in the MOS spectra. These data were thus excluded 
from spectral analysis. The final, background subtracted pn 
spectrum contains 252 050 counts obtained in 28.8 ks of good 
exposure time, for a mean count rate of 8.6 s _1 . The response 
matrix and ancillary response file for the pn spectrum were 
generated using the RMFGEN and ARFGEN tools within the 
SAS. 

4. SPECTRAL ANALYSIS 

As this paper is concentrating on the Fe Ka region of 
the spectrum, we restrict our analysis to the 2-12 keV re- 
gion of the pn data (full broadband fits will be presented 
in a forthcoming paper). Prior to spectral analysis, the 
data were grouped to have a minimum of 20 counts per 
bin. Model fi tting was performed with XSPEC v.ll.3.1p 
lArnaudHl9 96). The uncertainties quoted on the best-fit pa- 
rameters are the 2er errorbars for one parameter of interest 
(i.e. A\ 2 — 2.7 1). The Galactic ab sorption column of 
1.19 x 10 21 cm" 2 (Dick ey & Lockmanll 19901) is included in 
all the spectr al fits presented below, and is m odeled with the 
TBABS code llWilms. Allen & McCra\l2000!) within XSPEC. 
All energies are quoted in the rest frame, while the figures are 
plotted in the observed frame. 
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FIG. 1 . — Plot of the data-to-model ratio between 2 and 10 keV (observed 
frame) when an absorbed power-law model has been fit to the 2-12 keV data, 
excluding the range between 5 and 7 keV (rest frame). The shape of the 
Fe Ka line is evident in the residuals, and includes a narrow core and a weak 
red tail. Another possible narrow component is also apparent at ~ 6.2 keV 
(rest frame). The figure also illustrates the hardening at high energies due to 
the reflection continuum. 



To get an overall sense of the Fe Ka region in 4C+74.26, we 
begin by fitting the 2-12 keV spectrum with a simple power- 
law model, but excluding the region between 5 and 7 keV. A 
good fit (x 2 /d.o.f.= 857/939; d.o.f. = degrees of freedom) 
was obtained with V = 1.69 ± 0.02. Figure[0plots the resid- 
uals to this fit including the previously ignored energy range. 
The figure reveals a well resolved Fe Ka line profile consist- 
ing of a broad red wing and potentially two narrow compo- 
nents contributing to the line core. At higher energies, the 
residuals show the spectral hardening indicative of a reflec- 
tion continuum. 

Results of the spectral fitting are show in Table All 
the fits provide a very acceptable statistical fit to the data, 
but significant improvements were found with the addition 
of a broad Fe Ka component, reflection, and a narro w line 
at ~ 6.2 keV. After many t rials with the lLaorl (1199 ll) and 
'diskline' (Fabian et al. 1989) relativistic line models, the best 
fit was found with an inner radius close to the ISCO for a spin- 
ning Kerr black hole, and an outer radius at ~ 6 r g , where 
r g = GM/c 2 is the gravitational radius for a black hole with 
mass M, Broad lines with larger inner radii not only had 
larger x 2 s ( A\ 2 ~ +10), but gave inclination angles i ~ 20°, 
implying that the physical size of the 4C+74.26 radio source 
is ~ 3 Mpc, l arger than almost any o ther known giant radio 
galaxy (GRG; lLara et alJl200H 12001 . The broad Laor line 
results in a larger inclination angle, and therefore a smaller 
physical size of ~ 2 Mpc, more in line with other GRGs. Al- 
lowing the line emissivity j3 to vary did not improve the fit 

The rest energy of the Laor line was fixed at the emission 
energy for neutral iron at 6.4 keV, but, when that line and 
the PEXRAV continu um was replaced with the ionized reflec- 
tion model of iRoss. Fabian & Young l Jl999). the ionization 
parameter was found to be tightly constrained at £ as 400 and 
predicted emission from helium like Fe at 6.7 keV. For this 
model, denoted IONDISK*blr+IONDISK in Table Q] a re- 
flection dominated neutral continuum accounted for the sharp 
core of the line. Figure [2] plots this model and the residuals 
to this fit. The residuals show a possible additional emission 
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TABLE 1 

Model parameters from fitting the 2-12 keV (observed frame) spectrum of 4C+74.26. 
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PL+G a +L b 
PEXRAV C +G a +L b 
IONDISK*blr d +IONDISK c 
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1.82±0.02 


6 23+ - 04 
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NOTE. — In the model descriptions. PL=power-law, G=Gaussian emission line, L^^odffj?91) relativistic line, PEXRAV=neutral reflection 
continuum of Maedziarz & Zdziarski 1 1995), IONDISK=ionized reflection spectrum of Ross et al. 1 1999), and 'blr'=blurred with the Laor rel- 
ativistic kernel. Eq is the energy of the added Gaussian line in keV, EW is the equivalent width(s) of any narrow component in eV, R is the 
reflection fraction, r ou t is the outer radius of the relativistic emission line in r g , i is the inclination angle in degrees, EWl is the equivalent width 
of the relativistic line in eV, and £ is the ionization parameter in the IONDISK model. 

V = f 

b r in = 1.235 r g f , emissivity= -3 f , E = 6.4keV f 
c Efold = 200 keV f , abundances=solar f 
d r; n = 1.235 f , emissivity= — 3 f 
c Reflection dominated, log £ = l f 
'Parameter fixed at value 
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FIG. 2.— The top panel shows the IONDISK*blr+IONDISK model from 
TablefTI with the solid line denoting the total model and the dashed line plots 
the blurred, ionized reflector. The unblurred, neutral reflector which accounts 
for the narrow 6.4 keV line is off the bottom of the plot. The lower panel 
plots the residuals (in units of standard deviations) when this model is fit to 
the 4C+74.26 data. 



feature associated with the Fe Ka complex. A narrow Gaus- 
sian added to the model was found to be significant at the 
99% level, and had a best fit energy of 6.2 keV and EW of 
20 eV. The origin of this line is unknown. It is possible that 
it and the 6.4 keV line may comprose the red a nd blue horns 
of a diskline from farther out on the disk (c.f. iTurner et al.l 
12001 lYaaoob et al.ll2003l iTurner. Kraemer & Reevesll2004l) . 
To test this, we replaced the Gaussian in the PEXRAV+G+L 
model with a diskline with rest energy 6.4 keV, an outer ra- 
dius of 1000 r g , and an emissivity of —2 (a flatter emissivity 
is expected if the disk is warped at larger radii). A good fit 
was obtained with x 2 /d.o.f.= 1126/1299, but the inner ra- 
dius was unconstrained (r- m > 52 r g ). 

The last model in Table ^ yields a 2-10 keV flux of 
iViokcV = 2.43 x 10~ n erg cm" 2 s -1 . The earlier 
ASCA and BeppoSAX observations found -F2-10 keV = 1-7 x 



10~ n erg cm~ 2 s _1 and 1.4 x 10~ n erg cm~ 2 s _1 , respec- 
tively, indicating that this XMM-Newton observation caught 
4C+74.26 in a higher flux state. The unabsorbed rest frame 
2-10 keV XMM-Newton luminosity is L2-iokcV = 6.6 x 
10 44 erg s" 1 . The total unabsorbed 0.3-12 keV luminosity 
of 4C+74.26 is Lo.3-12 koV = 1-6 x 10 45 erg s _1 . Assum- 
ing this comprises about 10% of the bolometric luminosity, 
Lbol ~ 1-6 x 10 46 erg s -1 , in g ood agreement with the 
Lboi found bv [Woo & Urrvl (l2002al) . A black hole mass of 
4 x 10 9 M Q JWoo & Urrvl 12002a!) then gives an observed 
Eddington ratio of ~ 0.04, consistent with the presence of 
a untmncated thin accretion disk over an inner ADAF-like 
flow (which requires M/M f.hh < a 2 , where a ~ 0.1 is the 
i Shakura & Sunvaevl (119731) viscosity parameter; iRees et all 

5. DISCUSSION 

In the previous section we presented evidence that the X-ray 
spectrum of 4C+74.26 exhibits a broad ionized Fe Ka line ex- 
tending very close to a spinning black hole. This evidence is 
by no means conclusive (e.g., it is difficult to rule out the pos- 
sibility that the line shape is actually due to a complex series 
of absorbers), but it is suggestive. A longer XMM-Newton ob- 
servation is required to confirm its presence and extent. Be- 
low, we assume the line is as measured above, and discuss 
how it may shed light on the problem of jet formation. 

It may be constructive to compare the properties of 
4C+74.26 to those of the well known radio-quiet Seyfert 1 
MCG-6-30-15 which also has a bro ad line that implies a spin- 
ning black hole (Fabian et al. 2002). What quality (or quali- 
ties) allow 4C+74.26 to produce a strong radio jet and inhibits 
one in MCG-6-30-15? Evidently, the spin of the black hole 
seems not to be important as there is increasing evidence (al- 
beit circumstantial) that most black holes are spinning. This is 
based on comparisons of the accreted black hole mass density 
(as judged from the X-ray background) to the local d ensity 
of black holes (Elvis, Risaliti & Zamorani 2002; Barger et al. 
2005), and from simulations of black hole growth including 
both mergers and accretion (Shapiro 2005). Moreover, the 
observation that radio emission is quenched as Galactic black 
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holes move from the low state to the high state precludes a 
strict spin dependence. The accretion rates may also be ruled 
out as the governing parameter since radio-loud quasars pro- 
duce jets at high acc retion rates, as does the BLRG 3C 120 
( Ball antvne et al.l2004l) . 

Interestingly, the mass of the black hole in 4C+74.26 is es- 
timated to be ~ 10 3 x larger than the one in MCG-6-30-15 
jBian & Zhaol20 03). In the last few years, other authors have 
presented evidence that radio-loud AGN preferentially have 
large black hole masses (Laor 2000; McLure & Dunlop 2002; 
iMcLure & Jarvisll 2004l). a lthough there have been dissenting 
views (Ho 2002:: IWoo & Urrvl2002bl) . Assuming the same ac- 
cretion rate and a radiation pressure dominated inner disk, a 
larger black hole mass will increase the scale height H and de- 
crease the density of the accretion flow ( Shakur a~& Sunvaevl 
119731) . The larger value of H/r (where r is the radius along 
the disk) may enhance the polodial magnetic field over the 
lower mass AGN and increase the chances of jet emission. 

There now seems t o be two types of sources that produc e 
strong radio emission ( Marchesini. Celotti & Ferrarese 2004). 
The first are low accretion rate objects, such as LINERs and 
other low-luminosity AGN, and Galactic black holes in the 
low, power-law dominated state (e.g. iHol 1200 2). These are 
the sources that populate the fundamental pla ne of black hole 
activit y recently discovered by Merloni. Heinz & di M atteo 
(2003). The second class of sources have much higher lu- 
minosities and accretion rates, and we would argue that it in- 
cludes BLRGs and radio-loud quasars. These objects would 

3 4C+74.26 has a relatively low £ (TablelTl. suggesting that the disk must 
be fairly dense or not highly illuminated. This may be understood if, as is 
often suggested (e.g. Ballantvne & Ross 2002), the ionization parameter is 
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have untruncated, radiatively efficient accretion disks, but rel- 
atively high black-hole masses and thus a larger H/r close 
to the black hole than radio-quiet Seyfert Is 3 . Those sources 
which fall along the fundamental plane are powered by ra- 
diatively inefficient accretion flows, which are also thick and 
would have enhanced polodial magnetic fields. The connec- 
tion between all jet emitting sources would then be the struc- 
ture and magnetic strength of the inner accretion flow. Hope- 
fully, this hypothesis can be confirmed by numerical simula- 
tions of jet formation. 

In summary, the broad Fe Ka line detected in the XMM- 
Newton observation of 4C+74.26 rules out the possibility of 
a truncated accretion disk in BLRGs. Rather, the observation 
strengthens the scenario that the disk thickness (in the sense of 
H/r) close to the black hole is the important parameter for jet 
production. For high accretion rate sources, such as BLRGs, 
the thickness is a result of a relatively high black hole mass. In 
low accretion rate sources, such as low-state X-ray binaries, it 
is caused by a radiatively inefficient accretion flow. 
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